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POSTER SESSION 2

2.1 Climate Change Impacts on Sediment Transport in a Lowland Watershed
System: Controlling Processes and Projection
Nabil Al Aamery, Tyler Mahoney, and Jimmy Fox
Department of Civil Engineering
University of Kentucky
(859) 536-1934
nabil.hussain@uky.edu

Climate change proposes pronounced impacts on watershed hydrologic system for most worlds’
regions. For some watersheds, depending on their locations under the projected atmospheric
circulation change, the impacts are projected to generate noticeable increases in surface runoff and
instream flows. Accordingly, sediment redistribution within the watershed and sediment fluxes are
more likely to be altered. Yet, there still a lack in the research body on how climate change is
modifying and changing the sediment production and redistribution in the watershed. The high
number of the available climate scenarios that make building the sediment projection and its
associated uncertainty highly expensive complicate the problem. Therefore, the objectives of this
study were to develop a unique approach for model selection, examining different bias correction
approaches to better correct the mean and the extreme conditions of climate data, and to investigate
the upland erosion and in-stream sediment processes under average and extreme conditions to
produce changes in sediment redistribution within watersheds.
To do so, the authors include five stages to perform the research methodology. Stage one is the
model selection conduction where a subset of climate scenarios from an original set is selected.
The subset possesses specific criterions including representativeness, acceptable historical performance,

independence, ability to have a sensitive effect on the hydrological variable under consideration, and
presence of different climate modeling factors. In stage two we run distribution-mapping method with

its two approaches, the parametric and the non-parametric approach, to correct the biases in the
subset selected. We selected the best approach that corrects the mean and extreme conditions.
Stage three has the Soil and Water Assessment Tool (SWAT) runs to predict hydrologic conditions
for the Upper South Elkhorn Watershed in central Kentucky, USA to the year 2050. Both instream
flow and surface runoff were extracted from SWAT runs of each climate scenario. In stage four
we build an artificial neural network (ANN) to simulate the upland erosion with connectivity
processes consideration for each climate scenario. In the final stage, stage five, we used the
streamflow, and the surface flow results from SWAT and the sediment fluxes results from the
ANN to build and simulate the instream erosion and deposition of sediment processes with the
consideration of surface fine grain lamina (SFGL) layer controlling the benthic ecosystem and the
equilibrium exchange factor.
Our results show that a subset of 15 climate scenarios can represent the original set of 131
scenarios. The non-parametric approach of distribution mapping was superior in correcting the
biases in the climate data. An average change of +8% in precipitation and +2.7 C in temperature
will lead to a 17% increase in the mean streamflow and 23% increase in the 100-year return level
of streamflow. While our results of sediment redistribution and sediment yield from the watershed
still in ongoing processes, the preliminary results suggest the dominance of erosional and
depositional redistribution of sediments under different climate scenarios is associated with
extreme and mean hydrologic forecasting.
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2.2 Assessment of MRSA Presence in Suburban WWTPs Effluent and
Receiving Streams in Lexington, Kentucky*
Atena Amirsoleimani and Gail Brion
Department Civil Engineering
University of Kentucky
(859) 552-1244
aam227@uky.edu; gail.brion@uky.edu

The key role of engineered systems like wastewater treatment plants (WWTPs) in spreading
bacterial contamination and causing water-borne infections highlights the requirement for
establishing new standards to check the quality of treated sewage at the discharge point to the
environment. Rapid adaptation and evolution of bacteria to environmental pressures introduces
new waves of resistant bacteria as environmental not nosocomial sources. Staphylococcus aureus
(SA) is one of these pathogens with a high potential for adaptation to antimicrobial pressures and
evolution to multiple antibiotic resistant species like methicillin resistance SA (MRSA). Thus far,
different methods have been developed for rapid identification of hospital acquired MRSA, but
limited methods have focused on finding MRSA in environmental samples like water and
sediments. In addition, most of the developed genomic methods for environmental samples relied
on limited genes to identify MRSA presence (methicillin resistant gene, mecA). These studies
overestimated the number of MRSA in the environment due to the mecA gene being shared with
other bacteria.
In our study, a selective enrichment media developed from previous study was applied in an
attempt to isolate MRSA from the effluent of West Hickman WWTP, and creek sediment samples
downstream after the effluent discharge point of West Hickman WWTP effluent in Lexington,
Kentucky. In this modified selective media, acriflavine, nalidixic acid, and polymyxin B were
added to mannitol salt broth to suppress different co-growing bacteria like Staph epidermidis (SE),
gram- negative bacteria and Proteus mirabilis, respectively. Potassium tellurite was added to
enhance SA respiration. After centrifugation of one liter effluent samples, the pellet was added to
this enrichment broth and cultured in an incubator for 48 hours. Then, centrifugation was used
again to form a pellet which was spread on acriflavine augmented mannitol salt agar (MSA) to
provide isolated colonies of presumptive SA. Adjustment of acriflavine concentrations in the
selective enrichment broth was done to enhance recovery of the limited numbers of SA expected
to be in the chlorinated effluent, while suppressing the growth of SE, a common co-flora. Thus far,
effluent samples have not detected of SA presence in samples from treated effluent, denoting
adequate disinfection, even though SA has been regularly detected in the sedimentation plant
effluents.
Method development for the extraction of bacteria associated with creek sediments was initiated
by reviewing previous research of others, and evaluating different eluents to interfere with the
adsorption forces between bacteria, sediment, and biofilms. However, after repeating several tests
with various eluents, low recoveries were found utilizing others methods. Therefore, an enrichment
broth method was selected to grow SA directly from the sediment particles, with the high salt
content reducing the adsorptive forces and encouraging new bacteria to stay in the fluid
surrounding the sediment particles.
The same general sample preparation procedure for fluid samples was applied for sediment
samples, with equal volumes of sample being mixed with 2X selective broth followed by
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incubation and recovery of pelleted bacteria from the liquid phase to be spread onto agar plates.
Unrestricted growth of non-SA bacteria was observed, thought to be due to the presence of
different biofilm-forming bacteria still present in sediment samples after the first selective
enrichment. Clearly, the method required more modification to enhance effective suppression of
non-SA microbes from the organic laden sediment. In the new method, sediment samples were
immersed in enrichment broth, shaken by hand for 5 minutes, allowed one minute settling time,
the supernatant removed and centrifuged, with the resulting pellet added to an equal volume of
double strength enrichment broth, then incubated for 24 hours. This step was required to reduce
the volume of biofilm and other organics that could serve as a carbon source (readily apparent by
the growth of fungi and many types of non-SA microbe, requiring cultured organisms to ferment
mannitol in the broth as their primary carbon source. After incubation and growth had occurred,
centrifugation was used to pellet bacteria and the pellet was spread on augmented MSA to provide
isolated colonies.
Preliminary sediment recovery results with the new method showed high concentrations of
presumptive SA on acriflavine augmented mannitol salt agar (yellow colonies on yellow plates)
which denoted the fermentation of mannitol, decreasing the pH of agar, and changing the color of
the agar from pink to yellow. However, these colonies were identified as coagulase-negative
staphylococci and not SA in verification by coagulase test. More research needs to be done to
modify the method that we had developed for water samples, so that we can assure that SA are not
found in the creek sediments, and so we can correctly identify the isolated non-SA colonies that
readily grow under the same restrictive conditions as SA. Our results make it even clearer that
applying agars and broths developed for clinical samples to environmental samples has great
potential for overestimating the true prevalence of SA in our environment.
*Supported by 2018-2019 USGS 104b grant funds.
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2.3 Heavy Metal Capture and Detection Using Colored Synthetic Dithiol
Shashika Bandara, Victoria Soriano, Sean Parkin and David Atwood
Department of Chemistry
University of Kentucky
(859) 257-4741
shashikabandara@uky.edu; avso222@g.uky.edu; datwood@uky.edu

In our group we synthesis a series of synthetic dithiol molecules which can precipitate by forming
strong covalent bonds with heavy metals and metalloids as L-M. The parent synthetic dithiol
molecule B9= N,N’-bis(2-mercaptoethyl)isophthalamide, (figure 1.(a), (b) and (c)) common name
“benzenediamidoethanethiol” found to have unique ability, to immobilize heavy metals Cd, Hg,
Pb and As from water to below the detection limits of ICP-OES and CVAAS by the formation of
strong covalent S-M bonds which are exceedingly stable with metal leaching occurring only at
very low and high pH.
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Figure 1. (a) Chemical structure, (b) Crystal structure, (c) Dimeric crystal structure of B9.

The synthesis of B9 is carried out by combining isophthaloyl chloride with two equivalents of
cysteamine (to make B9, scheme 1.), cysteine (to make AB9), cysteine methyl ester (to make MB9)
and cysteine ethyl ester (to make EB9).
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Scheme 1. One-Step Synthesis of BDTH2 from isophthalolyl chloride and cysteamine-HCl

However, the insolubility of the B9-M compounds has precluded structural characterization by
single-crystal X-ray crystallography. Thus, a series of new dithiol molecules was synthesized as
carboxylic acid derivative of B9; AB9= 2,2’-(isophthaloylbis(azanaediyl))bis-3mercaptopropanoic acid, the methyl ester MB9= 2,2’-(isophthaloylbis(azanaediyl))bis-methyl 3mercaptopropanoic acid and EB9= ethyl ester 2,2’-(isophthaloylbis(azanaediyl))bis-ethyl 3Mercaptopropanoic acid are other synthetic dithiol molecules which are able to form M-L
bond.(Figure 2.) expecting similar bonding possibilities as B9, give new functianility through
various functional groups, expanding the solubility for X-ray crystallographic analysis. Thus, they
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maintain the same binding of B9-M as S-M-S with different functional groups attached to the main
carbon backbone providing different inductive effects towards the CH2CH2SH group.
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Figure 2. Chemical structures of (a) AB9, (b) MB9, (c) EB9.
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These synthesized molecules show several advantages over conventional methods. These include
odorless, no toxic byproducts, cost-effective, no excess precipitating agent needed, the heavy metal
removal >60 % (under normal/uncontrolled pH and open to air synthesis from a stock solution of
each heavy metal). Moreover, the sulfur providing starting material are resistance to get oxidized,
which prevents the formation of disulfide bonds, immediate precipitation and resistance to release
the bound heavy metal under wide pH range and long time. Thus, these systems are ideal to study
the covalent bonding to heavy metals and determine the effects, characteristics, and stability of MS bonds.
Several modifications to the existing ligands were also made. Thus, a new class of colored
compounds using anthraquinone and anthracene achieved by conjugated aromatic system
backbone containing pendant thiolate groups. So, colored acid chloride instead of
colorless isophthaloyl chloride was used. The interactions between anthracene/anthraquinone
units and/or with the metal ions provide quantification via colorimetric methods, efficient
identification of wastewaters and natural waters contamination and obtaining a crystal structure
for L-M are main objectives.
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2.4 Quantifying Nutrient Fate and Transport in Karst Agroecosystems of
Central Kentucky: Application of High-Resolution Sensors, Numerical
Modeling, and Isotope Tracers
Nolan Bunnell, Cory Radcliff, William Ford, Alex Fogle, Joseph Taraba
Department of Biosystems & Agricultural Engineering
University of Kentucky
(270) 537-1850
nolan.bunnell@uky.edu

Pathways and in-stream fate of nutrients in karst agroecosystems remain poorly understood,
despite the known impact of karst on water resources at local to global scales. In the InnerBluegrass region of central Kentucky, heterogeneity of karst maturity, flow pathways, and nutrient
sources adds to the complexity of quantifying nutrient dynamics, thus requiring novel monitoring
and modeling approaches. This presentation will focus on our previous and on-going research
efforts related to nutrient fate and transport in karst agroecosystems of the Inner-Bluegrass.
Regarding surface stream dynamics, karst streams receive preferential groundwater discharges,
such as springs or fissures in bedrock, and are often routed over scoured bedrock channels. The
significance of these streams are recognized given spring/surface water confluences have been
identified as hotspots for biogeochemical transformations. Current in-stream nutrient models
place emphasis on benthic and hyporheic nutrient processing, but often neglect the potential for
floating aquatic macrophytes to uptake nutrients and facilitate denitrification. We analyzed a 10year dataset from an agriculturally impacted, immature karst watershed in Woodford County
including biweekly to monthly nitrate (NO3-), dissolved reactive phosphorus (DRP), total organic
carbon (TOC), and total ammoniacal-N (TAN) measurements at nested spring and stream sites, as
well as flowrates at the watershed outlet, along the main-stem, and in major tributaries. Preliminary
results from multiple linear regression and Empirical Mode Decomposition time-series analysis
show significant decreases in NO3- and DRP and increases in TOC and TAN from the spring sites
to the watershed outlet. While DRP dynamics were well-described by periphytic algal biomass
uptake, NO3 attenuation in the bedrock stream was not well-explained, suggesting a potential sink
in the floating aquatic macrophyte pool. We will present a reach-scale modeling framework of
nutrient dynamics in bedrock-controlled streams that accounts for coupled interactions between
hydrology, hydraulics, and biotic (benthic and floating aquatic macrophytes) dynamics
downstream of springs. Further, we will present preliminary results from a high-resolution
monitoring effort that was initiated in September 2018 that support inferences of our long-term
data and modeling efforts.
Regarding upland nutrient pathway dynamics, our research has focused on dissolved reactive P
pathways and loading. Based on our 10-year data analysis, we found the Woodford County
watershed contrasted findings from other karst agroecosystems in the literature in that subsurface
conduits were not retentive of P and P loadings were an order of magnitude higher than other karst
agroecosystems. This result may be attributed to P-saturation of soils and sediments in subsurface
pathways that were derived from phosphatic Ordovician Limestone. A new oxygen isotope tracer
monitoring study is being conducted in the Cane Run watershed and Royal spring basin (a mature
karst watershed in Central Kentucky), in order to test the efficacy of the tracer to differentiate
between anthropogenic and ambient P sources during stormflows. Samples will be collected at
agricultural and urban tributary sources, as well as the Royal Spring conduit to measure nutrient
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concentrations, water isotopes, and phosphate oxygen isotope signatures for several events. With
isotope signatures characterized, statistical tests will be utilized to determine distinguishability of
source signatures. Through improved understanding and modeling of nutrient dynamics in karst
agroecosystems, we aim to better inform upland and in-stream management of nutrients with goals
of optimizing agricultural production and nutrient retention.
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2.5 Magnetic Nanocomposite Materials for the Detection and Removal of
Halogenated Organic Pollutants in Contaminated Water Sources
E. Molly Frazar, Angela M. Gutierrez, Dustin Savage, Shuo Tang, Rishabh Shah, Irfan Ahmed, Thomas D. Dziubla
and J. Zach Hilt
Department of Chemical and Materials Engineering
University of Kentucky
(859) 257-3864
molly.frazar@uky.edu

Decades of use of toxic materials in products that are manufactured and sold commercially have
presented a grave concern for worldwide access to clean drinking water. The need for highly
efficient water remediation technologies with minimal associated costs are in great demand. In
response to this call, our research has focused on developing magnetic nanocomposite platforms
that can selectively capture and remove halogenated organic contaminants from aqueous mediums.
These sorbents can be modified to possess a variety of moieties that would fine-tune the affinity
and selectivity of the nanocomposite towards binding of the desired contaminant. Examples of
synthesized nanocomposites include platforms that incorporate polyphenols, offering high affinity
for polychlorinated biphenyls (PCBs) and materials that possess cationic and/or fluorinated
moieties that are shown to attract perfluoroalkyl substances (PFAS). In one method, a surface
initiated polymerization of poly(ethylene glycol)-based and polyphenolic-based crosslinkers on
the surface of iron oxide magnetic nanoparticles was utilized to create a core-shell nanocomposite.
In another method, a bulk polymerization method was utilized to create macroscale films
composed of iron oxide nanoparticles incorporated into polyphenolic-based polymer matrices that
were ultimately processed into microparticles. In some platforms, a thermos-responsive monomer,
N-isopropylacrylamide (NIPAAm), was employed to develop “smart” materials that can transition
from a hydrophilic to hydrophobic state will a small swing in temperature. The produced
nanocomposites can specifically bind halogenated organics, rapidly remove bound organics from
contaminated water sources via magnetic separation and have interesting options for contaminant
release and sorbent regeneration. Extensive characterization of materials was conducted using
dynamic light scattering (DLS), Fourier transform infrared spectroscopy (FTIR), transmission
electron microscopy (TEM), mechanical testing for strength and compression modulus. Pollutant
binding studies were performed using PCB 126, chlorinated organic pollutants, and
perfluorooctanoic acid (PFOA) in order to determine binding affinity and capacity. Results were
obtained via GC-MS and LC-MSMS and the materials were found to effectively bind PCBs as
well as PFOA.
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2.6 Measuring and Modeling Morphologic Processes in Karst to Sustain
Water Resources in the Future
Morgan Gerlitz1, Ethan Adams1, Leonie Bettel1, Admin Husic1, Jimmy Fox1, William Ford2, Jason Backus3, Erik
Pollock4, Junfeng Zhu3, Chuck Taylor3, Carmen Agouridis2, and Steve Workman2
1
Department of Civil Engineering, University of Kentucky
2
Department of Biosystems and Agricultural Engineering, University of Kentucky
3
Kentucky Geological Survey, University of Kentucky
4
Stable Isotope Lab, University of Arkansas
(734) 395-4389
mfgerlitz@uky.edu

Karst is a landscape that is formed by the dissolution of soluble rock producing features such as
fissures, sinkholes, and swallets that create a high degree of connectivity between surface water
and groundwater. Karst aquifers supply 25% of the freshwater used by humans for drinking
worldwide, however the complex underground and aboveground geomorphology of karst terrain
creates unique challenges for researchers and water managers seeking to sustain water resources
for karst. This is particularly true in Kentucky where 25% of the state’s terrain is well-developed
karst and 55% has karst potential. Therefore, we seek a greater understanding of water and
sediment transport in karst using the Cane Run watershed and Royal Spring basin in the Bluegrass
region of Kentucky as a study site.
The Cane Run Watershed drains the upper portion of the North Elkhorn Creek and surface water
is lost through a series of swallets that feed into a conduit under a perched aquifer. The conduit
runs along a similar path to the North Elkhorn from the Kentucky Horsepark north of Lexington
and draining into the Royal Spring in Georgetown. The site was chosen due to its relatively mature
fluviokarst nature and extensive historic data records with ongoing data collection and
environmental modelling.
First, we ask, how do the complex flow pathways of karst control water, sediment and nutrient
fluxes across flow regimes? Building on existing research and using maps, field assessment,
electrical resistivity, dye tracing, isotope and nutrient tracers, we have developed a conceptual
model of how water, sediment, and nutrients are transported across the flow regimes. A spatially
explicit numeric model will couple surface and soil hydrology, streamflow hydraulics,
groundwater hydrology, and conduit flow hydraulics, in order to effectively simulate all processes
in a coupled surface watershed and karst aquifer. The numerical model of flow pathways and
fluxes will be used to build on Husic’s existing research on sediment, carbon and nutrient
biogeochemistry in the karst system to expand understanding of the role of specific karst
morphologic features in this system. Utilizing the continuous sensors already in place at Royal
Spring, we will be able to calibrate the model at 15 minute time steps, looking specifically at
nitrate, conductivity and turbidity.
Second, we also ask if fluviokarst morphology reflects interactions between surface (fluvial)
processes and subterranean (fracture) processes that may be predicted with measurable variables.
This question will be investigated using intensive mapping and field investigation of study reaches
that can be used to determine if interactions between surface and subsurface processes contribute
to karst fluviomorphology. Isotope, nutrient, and SENSE data will be utilized along with numerical
modelling to test hypotheses regarding formation of karst features. Furthermore, we are not just
interested in understanding karst systems in the present, but will utilize existing work on climate
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and land use changes to understand the evolution of this system in the future. We will utilize 16
climate model future scenarios optimized for the inner bluegrass region as well as a USGS model
of future land use as inputs into the numerical model in order to understand how projected
anthropogenic impacts on the CRRS system in particular, and fluviokarst systems in general, will
impact fluid, sediment and nutrient fate and transport.
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2.7 Impedance Spectroscopy Based Evaluation of Phytoplankton Health
M.R. Jett1, K.M. Henson1, M.Z. Rashed1, S. Hendricks2, S.J. Williams1
1
University of Louisville
2
Murray State University
(502) 852-6340
stuart.williams@louisville.edu

Phytoplankton are photosynthetic plankton that float near the surface of water and use sunlight as
well inorganic nutrients such as nitrates, phosphates, and sulfur, to produce carbohydrates,
proteins, and fats [1]. Phytoplankton are sensitive to changes in their environments and stressors,
such as pollution or nutrient deficiencies, can deplete phytoplankton populations. Evaluating small
samples of larger phytoplankton populations is useful for the evaluation of water quality and the
health of the ecosystem.
Impedance is the measure of the opposition that an electrical current faces when passing through
a material and is measured by applying a known sinusoidal alternating current (AC) electrical field.
The impedance of an organism changes depending on whether the organism is stressed, unstressed,
or dead due to decomposition and stress reactions [2]. Using a method called impedance
spectroscopy these differences in impedances can be identified and used to classify the health of
phytoplankton populations.
Our technique involves passing an AC electrical field through a small population of phytoplankton
suspended in a medium with a known electrical conductivity. The resulting impedance is measured
over a frequency spectrum (Fig. 1). By modelling the suspended phytoplankton as an electrical
circuit, the resistance and capacitance of the phytoplankton can be extracted. How the electrical
properties of various stressed phytoplankton change can be established.
The phytoplankton were tested using a commercial impedance chip (ECIS Cultureware ™, Model
Number 8W20idf PET) that contained wells with sensing electrodes on the bottom. This chip is
placed into a custom-built holder (Fig. 2). Phytoplankton were suspended in a well at known fluid
conductivity, and impedance measurements were acquired. After each trial the well would be
cleaned and checked for degradation.
Several stressed phytoplankton were measured for this experiment; for example, one type was
cultured in a medium that lacks nitrogen. However, phytoplankton encounter a wide variety of
stressors in the wild and their responses to these stressors may be different depending on each
situation. By evaluating these stressors using impedance spectroscopy, trends can be established
and used to identify struggling phytoplankton populations.
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Figure 1. (left) Impedance and phase change over range of frequencies for dead phytoplankton. (right) Impedance
and phase change over range of frequencies for unstressed living phytoplankton.

Figure 2: ECIS Cultureware ™ (Model Number 8W20idf PET) in custom-built holder, with electrical components
designed to connect it the impedance analyzer.

References
[1] Lindsey, R., & Scott, M. (2010, July 13). What are Phytoplankton? Retrieved January 18,
2019, from https://earthobservatory.nasa.gov/features/Phytoplankton
[2] Chellappa, N. T., Chellappa, T., Câmara, F. R., Rocha, O., & Chellappa, S. (2009). Impact of
stress and disturbance factors on the phytoplankton communities in Northeastern Brazil
reservoir. Limnologica, 39(4), 273-282. doi:10.1016/j.limno.2009.06.006

P a g e 75 | Poster Session 2

2.8 Assessing the Performance of Brookville Flood Control Reservoir
Mingda Lu and Chandramouli V Chandramouli
Mechanical and Civil Engineering Department
Purdue University Northwest
cviswana@pnw.edu

In this study, the performance of a flood control reservoir called Brookville Reservoir, IN was
assessed using historic and futuristic data. This reservoir is located in the East Fork of the
Whitewater River Basin, near Cincinnati DNR 1988). With EPA BASINS and HSPF software, a
rainfall runoff model was developed for the entire Whitewater River Basin up to Brookville,
Indiana. Using uncontrolled flow data, the model was calibrated using 35 years of data and
validated using 5 years by evaluating the goodness-of-fit with R2, RMSE, and NSE.
Using historic data, the historic performance was accessed initially (Chandramouli et al, 2018).
After satisfactory calibration, this model was used for futuristic scenario. Downscaled CMIP5
(Coupled Model Intercomparison Project 5) are available for different HUCs from PCMDI
(Program for Climate Model Diagnosis & Intercomparison). Daily rainfall data for the
considered region were downloaded and used for generating daily flows using the calibrated
HSPF model for 100 years. A reservoir operation model was built using the present operating
policies. By appending the reservoir simulation model with HSPF model results, future reservoir
outflow was simulated and performance of the reservoir was assessed for the future conditions.
References:
Zhang, Y and Wen., M. "Watershed Modeling and Calibration for Spring Creek Sub-basin in the
Flint River Basin of Georgia Using EPA BASINS/HSPF Modeling Tool." 2003.
DNR. "Water Whitewater River Basin, Indiana-Executive Summary." 1988.
Chandramouli, V.C., Lu, M., Wang, L, 2018, “Rainfall runoff model development using HSFP
for a flood control reservoir system to examine long term benefits,” KWRRI Symposium,
Lexington, KY, March, 2018.
“Brookville Reservoir Whitewater Memorial State Park Interpretive Master plan,” 2011, Indiana
DNR Publication. Available online at https://www.in.gov/dnr/parklake/files/spBrookvilleWhitewater_InterpretivePlan.pdf.
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2.9 Monitoring and Modelling of Phosphorus Flux Dynamics in Tile-Drained
Landscapes: Quantifying the Role of Sediment-bound Phosphorus Fluxes
Saeid Nazari1, William l. Ford1, Kevin W. King2
Biosystems and Agricultural Engineering, University of Kentucky
2
USDA-ARS Soil Drainage Research Unit, Columbus, OH
saeid.nazari@uky.edu

1

In the Midwestern US, farmers have extensively used tile drainage systems to drain excess water
from fine-textured, poorly-drained agricultural fields in order to enhance crop productivity,
however, excess delivery of phosphorus (P) from tile drains to surface waters has led to
proliferation of harmful and nuisance algal blooms in receiving water bodies. While most studies
have emphasized the role of dissolved reactive P (DRP) fluxes, sediment-bound particulate P (PP)
fluxes are also recognized to be significant in tile drains and contribute to legacy P issues, yet the
mechanisms controlling these fluxes and dynamics are not well understood, nor are they
represented in prevailing agroecosystem management models. The purpose of this research is
threefold: 1) We aim to quantify fluxes of PP to tile drains using long-term data from the USDAARS SDRU edge-of-field network, which includes measures of dissolved inorganic nitrogen
(DIN), total nitrogen (TN), DRP, and total P (TP) from 2012 to 2017, with supplemental suspended
solids and ICP analysis data from 2014 at two paired field sites with contrasting management and
soil characteristics. 2) We aim to use continuous high-resolution water quality data (including
turbidity, pH, DO, conductivity, and temperature), from a paired site with drainage water
management (DWM) in order to test existing perceptions of sediment delivery to tile-drains and
to study the impact of DWM on sediment fluxes. 3) We will develop and test a numerical model
of sediment P dynamics in tile drain fields that quantifies pathways and fate of sediment.
Preliminary analysis of the previously collected USDA-ARS data shows that the sediment-bound
and organic P contributions (TP-DRP) constituted 60% to 70% of TP load at a site with heavy clay
and extensive tillage, but only 10% to 20% in a site with a coarser silty-clay-loam soil texture and
conservation tillage practices. Further work will include further partitioning of organic and
inorganic P pools, and comparison with un-mixing analysis results using Ca, K and conductivity
as tracers to quantify flow contributions from different pathways during storm events. We will use
improved understanding of dynamics of sediment and PP for development of a numerical model
that can represent behavior of tile-drained systems in transporting TSS and PP to the stream
channel. Broadly, the work aims to improve our understanding of sediment P delivery in tiledrained landscapes with the ultimate goal of developing a modeling framework that could be
interfaced with existing agricultural water quality models in order to improve management of P.
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2.10 Quantifying the Role of Particulate Nitrogen in Disturbed Forested
Watershed Nitrogen Budgets: Influences of a Lowland Confluence Wetland
Ciara Pickering, Gina DeGraves, William Ford, Andrea Erhardt
Department of Biosystems & Agricultural Engineering
University of Kentucky
(317) 674-6361
Cepi229@uky.edu

Harmful algal blooms (HABs) are of increasing concern in the Ohio River Basin, partially
stemming from an expansive 650-mile cyanobacterial bloom on the Ohio River in fall 2015,
impacting the drinking water supply and recreational activities for millions of people in five
different states. These HABs occur as a result of various riverine conditions such as thermal
stratification, low stream velocity, and eutrophic conditions. All these conditions play a role in the
development and intensity of the HABs, however, high nutrient concentrations are thought to have
the greatest influence on their proliferation and toxicity. While dissolved inorganic nitrogen fluxes
can now be monitored continuously and directly at high temporal resolutions, sediment-bound
nitrogen fluxes require coupled monitoring of sediment loads with characterization of sediment
nitrogen composition dynamics; and hence are less well-characterized for the disturbed forested
watersheds. Further, the fate of sediment at confluences of tributaries and the main river system
are important zones for sediment retention and transient storage, which can influence both the
wetland and downstream N transformations.
In order to quantify sediment nutrient dynamics in a broader context, sediment N fate and transport
will be considered in a reach-scale model that currently considers hydrology, hydraulics, and
nitrate fate and transport dynamics. We will present an overview of our approach to couple
monitoring of sediment fingerprints in uplands and core samples within the wetland, highresolution in situ sensors, and numerical modeling with broader aims to quantify sediment nitrogen
source, fate, and transport dynamics. A disturbed forested watershed (Fourpole Creek,
Huntington, WV) that is impacted by a backwater floodplain wetland at the confluence of the Ohio
River will be used as our testbed. The individual budget components include high resolution
sensing of sediment fluxes upstream and downstream of the wetland, soil cores from the wetland
to quantify depositional patterns and non-conservative sediment fingerprint behavior, and
elemental and isotopic analysis of sediment trap samples upstream and downstream of the wetland
to determine sediment bound nitrogen fluxes and sources. Modeling will couple hydrologic and
hydraulic dynamics with sediment erosion and deposition and will consider non-conservative
degradation of sediment organic matter.
While our final presentation will include quantitative budget estimates of sediment nitrogen fate
and transport and how it compares with dissolved inorganic N fluxes, preliminary results from our
high resolution sensors show turbidity decreases from upstream to downstream of the wetland
during storm-flows when the wetland is inundated, suggesting significant deposition. Regarding
spatial distribution of deposition, Bayesian mass-balance unmixing results for streambed sediment
cores were counterintuitive and showed sediment deposition to be predominantly Ohio River
sediments in up-stream portions of the wetland and Fourpole Creek sediments in lower-sections,
likely highlighting the importance of decelerating streamflows under backwater conditions to settle
much of the Fourpole Creek sediment inputs. Regarding sediment N composition and fate,
preliminary analysis of sediment trap data suggests that sediment nitrogen concentrations are
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significantly higher upstream as compared to downstream, signifying degradation of sediment
during transient storage. Together, these findings suggest confluence wetlands may be a major
sink for sediment nitrogen in these landscapes and merit further consideration in local and regional
N management strategies.
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2.11 Insight to the Mineralization of Fine Sediment Organic Matter in
Streams Using Stable Isotopes Experiments
Brenden Riddle, Abigail Monhollen, Y.T. Wang, Jimmy Fox, William Ford
Department of Civil Engineering
University of Kentucky
(502) 681-4370
brenden.riddle@uky.edu

Activity at the sediment-water interface is essential to understanding biogeochemical
transformations of stream systems, but is difficult to analyze due to the coupled processes of
organic matter oxidation, benthic oxygen uptake, and nutrient cycling. Recent water resources
literature suggests that coupling stable isotope tracers with in-stream water quality models can help
to reduce uncertainties by constraining model parameterization and nutrient exchange rates via
biogeochemical processes. However, the microbial transformations of sediment organic matter
(SOM) that change the isotopic signature of sediments have not been studied extensively, and
requires future work to elucidate their nonconservative nature and advance the applicability of
organics in tracer studies. This study was motivated by the need to formulate a sediment fate
model that integrates organic matter decay rates consistent with biochemical processes observed
in a controlled incubation experiment with on-going research in carbon and nutrient dynamics of
stream systems.
Previous laboratory-scale studies on the preservation of organic matter during sedimentary
diagenesis have compared elemental decay rates in both oxygenated and anoxic systems, but rarely
utilize stable isotopes to quantify SOM decomposition. We have designed a laboratory incubation
experiment to characterize the initial bioavailability of fine sediments from South Elkhorn Creek,
and to examine organic matter mineralization and isotope fractionation in a controlled setting.
Each experimental system is incubated for 3+ months (105 days) in Erlenmeyer flasks on an orbital
shaker platform in a dark, temperature-controlled (25℃) environment. South Elkhorn Creek
surface water containing a natural microbial community is used as incubation medium for the
experimental systems. Transported sediments collected using in-situ sediment traps serve as the
enzymatic substrate of the study, due to interest in examining SOC turnover, nutrient fate, and
hydraulic control on biogeochemical cycling. Sediments representative of upland (allochthonous)
derived materials and in-stream sediment reflecting benthic autotrophic (autochthonous)
transformations are incubated separately in each system. The alteration of the elemental (TOC,
TN, & TS) and isotopic (δ13Csed, δ15Nsed, & δ34Ssed) signature is observed in a series of batch
experiments with varied aerobic and anaerobic (redox) conditions. The dissolved constituents
(TOC, NO3-, NH4+, o-PO43-, & SO42-) in each experiment are also analyzed to observe solid
(sediment) and liquid (water) macronutrient exchanges.
Initial results from a 30-day preliminary study suggest preferential oxidation of organic matter
enriched in 13C occurs in all experimental systems. In contrast, 15N-depleted OM observed in
anaerobic conditions is dissimilar to the conservativeness of δ15Nsed displayed in the oxygenated
system. Early hypotheses attribute different redox pathways to the type and degree of microbial
activity, in agreement with previous studies on the degradation of organic matter. Numerical
modelling of isotope fractionation under ideal conditions of the laboratory study will provide
insight for transformations in a complimentary field study at the reach-scale. The controlledlaboratory component will ensure adequate internal validity and field observations will be
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interpreted to maintain realistic systems for the incubations. Through this study, we hope to
elucidate further the governing biochemical processes that dictate isotope fractionation rates of
SOM in stream systems.
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2.12 The Potential Influence of Barge and Boat Traffic on Phytoplankton in
the Greenup Pool of the Ohio River
Austin Hoffman, Cody Schumacher, Mindy Armstead, Logan Beach
Natural Resources and the Environment
Marshall University
(304) 696-2923
m.armstead@marshall.edu

The NSF-EPSCoR research program, entitled Sensing and Educating the Nexus to Sustain
Ecosystems (SENSE) is a multistate research partnership aimed at gaining insight into the
influence of food and energy production on aquatic ecosystems. Marshall University is
participating with University of Kentucky and Murray State University in this endeavor
investigating how food and energy production affect harmful algal bloom formation in the partner
states. Marshall’s research is focused in the Ohio River which host over 25 million people in the
basin and serves as a drinking water source for more than five million people. The managed river
system has 20 locks and dams for flood control and navigation and 38 power generating facilities.
Recent increases in the frequency of harmful algal blooms and an extensive bloom of Microcystis
aeruginosa during the summer of 2015 have increased attention on algal growth in the Ohio River.
SENSE has supported the deployment real-time water quality monitoring sensors at Robert C Byrd
and Greenup locks which bracket the Greenup pool of the Ohio River (OH-KY-WV tri-state).
These data are being utilized to evaluate factors influencing algal growth in the river and have
revealed a potential relationship between commercial barge traffic and turbidity patterns within
the Greenup pool. Because boat traffic can mix stratified layers in the water column and bottom
sediments in shallow areas, they may influence phytoplankton growth positively by creating
nutrient sources or negatively by creating water column turbidity. Determination of the influence
of barge traffic on phytoplankton is necessary as it could influence the onset of harmful algal
blooms.
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2.13 Human Exposure Risk Assessment Model: Combining Subsurface and
Aboveground Fate and Transport Processes
Elham Shirazi and Kelly G. Pennell
Department of Civil Engineering
University of Kentucky
(859) 218-2540
elham.shirazi@uky.edu; kellypennell@uky.edu

This presentation summarizes the results of a newly published indoor air model that demonstrates
the importance of airflow inside and around buildings. Model results for the case of vapor
intrusion, a process by which vapors from volatile contaminants in groundwater and soil, migrate
through soil and enter indoor spaces, show the importance of weather effects. Vapor intrusion is
well-known to be difficult to characterize using field data because indoor air concentrations exhibit
considerable temporal and spatial variability throughout impacted communities. Using the newly
developed model, we investigate how wind flow above and around a building, as well as, stack
effects (i.e. building temperature differentials) influence 1) the distribution of vapor concentrations
in the subsurface, and 2) indoor air pressure which consequently affects the indoor air
concentration. Our analysis is advantageous over previous attempts because we incorporate
information that have been shown to influence indoor air exposure risks, rather than just
environmental subsurface fate and transport processes.
Model Outputs
Mass entry rate
Indoor air concentration
Soil concentration
Soil pressure
Outdoor air pressure
Indoor pressure
Building AER

Previous
models

NEW
model

✔

✔

✔

✔

✔

✔

✔

✔

✖

✔

✖

✔

✖

✔

Figure 3. Shirazi and Pennell (2017) vs. previous models.

The results of our study indicate that low wind speed in “shoulder seasons” (spring and fall) causes
the highest indoor air concentration which is consistent with empirical data in radon studies;
however, vapor intrusion regulatory guidance, lacking science-based evidence, recommends
winter sampling (Figure 2). Our results show that contaminant mass entry rate and basement
pressure are inversely related, whereas wind conditions and building characteristics influence the
pressure inside the building (Figure 3). These findings offer insight as decision makers at state and
federal levels are grappling with best approaches for assessing exposure risks at vapor intrusion
sites. More results and implications are included in a recently published paper in Environmental
Science: Processes & Impacts (DOI: 10.1039/c7em00423k 19:1594-1607).
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Figure 2. Relationship between indoor air concentration and AER for different seasons.

Figure 3: Relationship between basement pressure and contaminant mass entry rate.

The project described was supported by a CAREER Award from the National Science Foundation (Grant Number
1452800) and by Grant Number P42ES007380 (University of Kentucky Superfund Research Program) from the
National Institute of Environmental Health Sciences.
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2.14 The Impact of Ryegrass Root Exudates on Element Release in a Fragipan
Soil*
Keegan Smith and Dr. Christopher J. Matocha
Department of Plant and Soil Sciences
University of Kentucky
kpsm225@uky.edu; cjmato2@uky.edu

Soils containing fragipan horizons occupy a significant land area in western Kentucky (Figure 1).
Fragipan horizons are dense layers of soil, often close to the surface, allowing them to alter water
and nutrient distribution across a landscape. These shallow, subsurface horizons are typified by
higher bulk densities and lower porosities than overlying horizons which can affect crop yields.
They are dense due to the cementation of aluminosilicate minerals in combination with iron1. There
is a need to explore management strategies to remediate shallow, fragipan horizon. Previous
experiments showed that planting ryegrass as a cover crop in intact soil cores changed physical
and chemical properties of fragipan horizons2. A possible explanation is the release of root
exudates which solubilize cementing agents of the pan.

Figure 1. The extent of fragipan soils in Kentucky derived from the web soil survey (http://websoilsurvey.nrcs.usda.gov).

Previous experiments provided mass spectra collected from water extracts planted to ryegrass that
indicate the presence of azelaic acid (AZ acid) and 3,4-Dihydroxydihydrocinnamic acid
(DHPPA)2. Both of these organic compounds vary in their structure. It is unclear whether AZ and
DHPPA will react with fragipan soil horizons. The purpose of this study is to investigate the
reactivity of AZ and DHPPA with the Btx1 horizon from a Zanesville silt loam using the stirredbatch method. The amount of aluminum released into solution decreased in the order: DHPPA,
control, and AZ (Figure 2). The amount of silica in solution steadily increased over time (Figure
3). Dissolved silica was greatest in the presence of DHPPA when compared to AZ or the control
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at time periods greater than 24 hours (Figure 3). Work on this project will continue to evaluate the
interaction between Al and Si in the presence of DHPPA, follow the evolution of dissolved Fe in
light of its role in cementing the fragipan1, and evaluate the role of ryegrass in promoting vertical
movement of water in fragipan soils using intact soil cores in greenhouse studies.

Figure 2. Aluminum Released to Solution

Figure 3. Silica Released to Solution.

References:
1. Marsan, F.A., Torrent, J., 1989. Fragipan bonding by silica and iron oxides in a soil from
Northwestern Italy. Soil Science Society of America Journal 53, 1140-1145.
2. Matocha, C.J., Karathanasis, T.D., Murdock, L.W., Grove, J.H., Goodman, J., Call, D., 2018.
Influence of ryegrass on physico-chemical properties of fragipan soil. Geoderma 317, 32-38.
*Supported by 2018-2019 USGS 104b grant funds.
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2.15 Vegetated Filter Strip Management Planning of Deep River PortageBurns Waterway Watershed Using SWAT
Linji Wang and Chandramouli V Chandramouli
Mechanical and Civil Engineering Department
Purdue University Northwest
cviswana@pnw.edu

Recently, with the help of 319 grant cost share program, a watershed management plan was
prepared for the Deep River Portage-Burns Waterway Watershed located in the Northwest Indiana.
Northwest Indiana Regional Planning Commission developed this plan. It was initiated in an effort
of maintaining and restoring the health of this watershed. The watershed management plan
proposed the implementation of vegetated filter strips (VFS) as a best management practice (BMP)
option. In this research, the optimal VFS implementation location within the targeted area of the
watershed was examined using a hydrological model scheme.
In this research, a Soil Water Assessment Tool (SWAT) (Arnold et al, 2012, Chaubey et al 2010)
model was constructed with required watershed characteristic data and climate data. The initial
hydrologic and nutrient parameters of the SWAT model were further calibrated using SWAT
Calibration and Uncertainty Programs (SWAT_CUP) with historical flow and nutrient data in a
two-stage calibration process. The calibrated parameters were validated to accurately simulate the
field condition and preserved in the SWAT model for further analysis of VFS implementations.
To find the optimal VFS implementation location, Four VFS implementation scenarios were
created along different sections of the Turkey Creek. The plan recommends multiple BMPs,
including VFS in this area using the calibrated SWAT model. The simulated results were captured
and evaluated based on the total phosphorus (TP) removal from the outflow, including maximum
daily percentage TP removal, average daily percentage TP removal, and annual TP removal.
Among the four VFS implementation scenarios, three scenarios yielded insignificant results with
3.93% to 30.29% maximum daily TP removal, 0.65% to 2.51% average daily TP removal, 1.60%
to 8.29% (28.11 kg to 190.11 kg) annual TP removal. The scenario with VFS implementation in
the upper most sub-watershed yielded the best result with 90.30% of daily TP removal (23.79%
on average) and 78.59% (465.01 kg) annual TP removal.
References:
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Water Assessment Tool Input/Output Documentation Version 2012," Texas Water Resources
Institute, Texas, 2012.
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no. 6, pp. 91-101, 2010.
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